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Corrosion-resistant aluminum artide for semiconductor procesislng equipment 



(57) Corrosion of an aluminum article (such as aisus- 
ceptor) exposed to corrosive halogen-confaining species 
within semiconductor processing ' apparatus can be 
avoided by fabricating the article (51 0) from a high purity 
aluminum-maghesiuni alloy having anoptimum magne- 
sium content. Upon exposure of the article (510) tp a hal- 
ogen-containing species, a protective magnesiurn halide 
layer (512) is formed beneath the surface of the article. 
The protective layer (512) prevents halogens from:pen- 
etrating to the iDase aluminum, thereby protecting the 
article (510) from corrosion and cracking. To protect the 



magnesium halide layer (512) from abrasion, the article 
preferably . also includes a hard, cohesive coating (514) 
bver the magnesiuni halide layer (512). Apreferred cohe- 
sive cbatino (514) is aluminum oxide or aluminum nitride. 
-The, majjn'eslum'content of the aluminum article (510) 

..should be inthe range of about 0.1%to 1.5% by weight, 
either ^roughout the entire article, or at least In a region 
' of the'artide beneath the surface which is to be rendered 

':c6rroi^ioh jesistaf^^ The impurity content of the aluminum 
should be' less than 0:2%. and preferably much less. 




FIG. 5 
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Description . 

BACKGROUND OF THE iNVENTION" V.- f!^?:.: ' " 

1. Reldofthelnverrtion s 

The present invention pertains to an aluminum arti- . 
cte having a magnesium halide layer which protects the 
article from corrosion within semiconductor processing 
apparatus employing halOjgen-containtng species for w 

etching or cleaning. 

2. Brief Description of. the Background Art 

Semiconductor processing tnvofves a number of drf- is 
ferent chernical and physical processes whereby minute * 
integrated circuits are created on a sut)strate.-.The inte; 
grated.;Circuits are.constructed using nrujitilayers of jrtter-' 
related patterns of various materials.. The materials _ 
within-the. integrated circuit are created by cfiemicaf 2a 
vapor4epo8ition, physical vapor deposition and epitaxial 
growth. Some , of the layers of material are patterned' ' 
using photoresist- masks arxd wet and dry etching tech- 
niques. Patterns are created within layers by the implan- 
tation, of dopants at particular locations,. The substrate zs' 
upon which the integrated circuit is.created may be sili- 
con, gallium arsenide, glass, or any other appn:}pnate 
material: ^ _ 

Many of the processes used to produce 'integrated ' ' 
circuits utilize halogen gases, halogen-containing gas. so 
or halogen-containing liquids. In addition, since the proc- 
esses usedtp aeate integrated drcutts leave cpntami-. 
nant ;depo£^-ori the, -surfaces of the processing 
apparatus, .such depofits are conmonly rempv \^ 
dry etc^Si-pIasnia cleaning with at least one, halogen- ' ; fs 
containing gas. . ... .,.*.' ' .i ^ 

Aluminum has been widely, used as a c^ ; 
material for semiconductor/ fabrication equipihent. af 
times because of its conductive properties, and gen erally 
because of ease in fabrication and avaijabifity at a' rea- 
sonablervice. Haweyer..alumirtum.iskj5ce^^ ^' ' 

tion .with halogens. sudFi.. as , chlorine', Jlupriri'e. and; 
bromine, to. produce, for .example. 'AICI3 {or..Al2CIe)': or ' 
AIF3; or AlBr3 (or Al28r6). the aluniinurh^Iuorihe com-; 
pounds can flake off the surfaces of process'^paratus ' '4S 
parts, causing an eroding away of the parts thenwelves, 
and serving as a source of particulate contaminati^^^ 
the process-chamber, (and parts prpduced in tiie cham- 
ber). Most, of the compounds cpntaining.afuminum and * 
chlorine and niany.of the conrpounds containirig alumi-* ' so 
num and bfoiruhe are gaseous under semiconductor ' 
processing conditions and leave the aluminum'structure, 
arxj creating, voids which render t)ie structure unstable 
and with a surkce haying questionable integrity. ' ' 

, A. preferred, rpeafis of protection of the ^uminum ss 
surfaces withir] process api:>aratus has been a^ " 
aluminum coating. Anodizing is an electrolytic oxkjatibn 
process that produces an integral coating of pgrous alu- *~ 
minuni oxide on the aluminum surface. D^spi^ ihe-use 



of anodized aluminum coatings, the lifetime of anodized 
aluminiim parts, such as susceptbrs. in CVD reactor 

chambers "is limited due to the degradation of the ano- 
dized film in the plasma cleaning environment Failure of 
the anodized filrri pi^ectrve layer over an aluminum sur- 
face leads to excessive particulate generation within the .< 
reactor chamber, requiring'rhaintenance^downtime.for . 
replacing the failed aluminum parts and fbr.deaning par- 
ticulates from the rest of the chamber. Miyashtta et al.:, 
in U.S. Patem No.' 5.039,388. issued August 13. 1991,- 
describe a plasma forming electrode used in pairs in a 
semiconductor processing chamber.. The electrode is 
formed from a hiigh purity aluminum or an aiuniinum_ alloy 
having a chromic add anodic film on the electrode sur- 
face. The chromic add anodized surface is said to greatly 
inrprove durabitrty when used in a plasma treatment 
process in the presence of fluorine-containing gas. The 
electrode is described as formed from a high purity alu- 
minum such as JIS 1050, 1 100, 3003, 5052, 5053, and 
6061 or dmilar alloys such as Ag-Mg alloys containing 2 
to 6 % by weififrt magnesium. - . . 

Not only is there significant expense in equipment 
maintenance of the kind descrbed at>ove, txrt presently 
it is necessary to replace a susceptor in a CVD chamber 
after processing somewhere between atxxrt 500 and 
S.boo silicon wafers! for example. A susceptor typically 
costs as high as about $5,000 to $6,000. If the susceptor 
develops sij^i^lcstnt' surface def^, thesedefects can 
translate through a silicon wafer atop ttie susceptor; cre- 
ating stresses in films deposited upon ttie silicon-wafer. 
Stresses in deposited films can place the devices fabri- 
cated on the wafer out of .specification. Thejossof ail the 
devices on a wafer can be at a cost as high as $50,000 
to $60,000. - ... 

ft would be highly desirable to have aiTieans fcu' p 
taction- of aluminum surfaces from attack by halogen 
atoms and ions, and by halogen-containing conpounds. 
This would increase the' lifetime of semiconductor appa- 
ratus parts fabricated from aluminum, reducing the 
expense of equipment maintenance and reducing the 
loss 'of devices which occurs when such apparatus fail 
during proisessing operations. 

SUMMARY OF THE INVEf^lON 

The invention is defined in daims 1, 5, 9. and 10, 
respectively. Particular embodimerits of the invention are 
set out in the dependent daims. 

We have discovered that corrosion of an aluminum 
article'(such as a susceptor) exposed to corrosive:halo- 
gen-bbntaining spades within semiconductor process- 
ing apparatus can be avoided by fabricating the article 
from a high purity aluminum-magnesium alloy having an 
optimum nvignesium content. Upon exposure of the arti; 
de to a hak>gen-containing spedes, a protective rnagr 
nesium hande layer is formed beneath ^e surface of the 
article. The protedive layer prevents halogens from pe.n7 
etrating to the* base- aluminum, thereby protecting, ttie 
article from' cbrrosioh'iand cracking... . . - 
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To protect the*.magnes[urn halide layer from abra-, . . 
sion. the article preferaWy also includes a hard, cohesive.^^.^.^. 
coaling . over the . magnesium halide layer, A prefen-ed-.^.,..., 
cohesive coatingiis aluminum oxideoraluminurnnij^^ 
which can be-formed by a conventional anoctiz^tii^ proc-,. 5 , 
ess before the aiumirujm article is exposed to a halogen- 
containing species-.to fomi the nnagnesium haiide layer., 

The- magh^m^-content of the aluminum artide 
should be in the range of about 0.1 % to 1 .5 'Jfc.by weight. . 
either throughout the-'entire artide. or at least in a region. 10 
of the artide beneath'the surface which is to be rendered . 
corrosion-resistant. The impurity content of the alumi- 
num should beless than 0.2 %. and preferably.much 
less. ■ ' ' ' ' 

BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 -shows a schematic of a CVD Reactor , 
Chamber which indudes a metallic plate which acts as . . 
a combination perforated gas inlet and RF electrode, as 
well as a metallic susceptor. Each of ttiese semiconduc- 
tor apparatus parts can be fabricated to contain the pror 
tedlve magnesium-halide layer of the present inventiori.^ 
In the alternative, these parts can be fabricated.from.an 
aluminum-magnesium alloy capable of forniing the pro- 
tective layer of ;the present invention. . ■•-.i. 

Figure -2 iUuslrates the structure of,an arKxiized 
minum filmr.'' - . = . ! s'. :^ 

Figures3A - SD illustrate the:deyeIopmerrt of an alu-, , 
minumfluofide nodule, which^eadstothefailu^ex)f a pro-.; , 
tective anodized aluminum film- oyer the surface .of a , 
standard alurninum material used In the fabrication, of., 
semiconductor apparatus. { ; 

Figure 4'aiustrates the gradual erosion of a surface 
of an alunHrium part due.to the-formation of alifrtinum., 
fluoride which.is not uniform nor str.ucturally stak^e^ apd., 
which flakes' off with use of. the alumtnuri> part.-; 

Figure 5 'shows the more preferred, structures^oj the.^ 
present invention, comprising a top layer of anodized alu;^ 
minum; an underlaying layer of magnesiMm haiidft. and^- 
the aluminum-magnesium alloy as a base syrf ace.- .. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 
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Analytical Fg undation Of The Invention 



Figure 1 shows a conventional reactor chamber .100 
used for semiconductor substrate fabiicatiori processes 
such as chemical vapor .deposition (CVD) or etdjing. so 
Such processes typcially subject the comporients wHhin 
the chamber to corrosive halogenTContaining spwii.es. 
Particularly corrosive are the gas mixtures typicall/used ... 
to plasma-dean the chamber components, such as a. 
mixture of CF4 and N2O. or a mixture of C2F$,and, O2. . 55 
Chamber components are alternately subjected to high . 
temperatures (typically 20O» to 500" C) during the QVD . 
or etch processes, and; to corrosiye halQgesi^gas .rrtx- .r 
tures during periodic chaml>er deaning. 



Certain chamber components, such as perforated 
plate 1 10 (which functions both to deliver process gases 
into the chamber and as an RF electrode for exciting a . 
plasma) and susceptor 112 (which supports the semi- 
conductor substrate 1 14 and often also:funti6ns as an. 
RF eledrode) conventionally are constructed of ano- 
dized aluminum.' Commonly used aluminum materials 
are Al 1100 and Al 6061. ^ . 

An anodiiation coating (aluminurii oxide) on the alu- 
minum is intended to protect the aluminum from con-o- 
sion. However, we have found that the oxide protective 
layer is relatively porous. Figure 2 shows an aluminum 
oxide layer 200 having a tfiickness of 10 to 14 microns 
over an alurninum base 216. The oxide was aeated by 
a conventiorial electrolytic anodization process. The por- 
tion off the oxide feyer inwnediately overlying the alumi- 
num base 216 is a dense barrier layer 210 having a 
thickness of only 100 to 5000 A. The reniainder of the ' 
oxide layer is a matrix of hexagonal cells" 212 having-: " 
pores 214 about 100 to 2000 A In diameter. These^pores'- • 
are larger than most halogen atoms; ffor example. fluo^ '• 
^ineatdmsareoniy aboutSAindiameter. Thus, only the; 
thin banier layer 210 beneath the matrix of porous cells ■ 
212 protects the base aluminum alloy 2'1S"frdm the cor- 
rosive halogen-contariin^ gas mixlures commonly used 
in semiconductor process' "chambers. 

.Failure of ttie anodization (aluminum aitide) coating ■ 
typically opcurs in the form of pinholes and cracks. The 
cracks, in Jurn. jeolio the subsequent flaWng off of the 
protectiye coating..' " . . '■ 

Ail a<jd"ilibhal ibilure mechanism of the oxide coating • 
is th9 foi-mati?in of nbduies of precipita^es^beneath the - 
oxide.which eventually stress and crack the oxide- layer. . 
Figures through 3D are based on actual photortdcro- - 
graphs\al^n during the study of ihe failure modes-when 
aluminum s^jsceptors nwde from the standard commfer- ■ 
dal aiumjnum^'griesium alloy- Al 6061 were subjected 
to n^ny .^^wfe a sfendard process used to clean the 
(;ort^h^h^'of a'CVD cH^imbei'..SpecHically. the susciep- • • 
tor under'test^s .rrajnteiri^^ 425^;C-within a ■ 

vacuum' chamber supplied with a mixture'- off OF* ' 
Nzd. An RF power supply excited the ^s mixture to a 
plasrtia State, arid a negative b'C bias voltagfe was rnain- 
.tained OQthe suaieptor. 

The Al 6061 alfoy'contains aboiJt 0.8 % magne- 
sium aixl other' irnpurities totally about 1.8 to 2.2 wt. %. 
the principal iriipuriti^ being, in order of prevalence/sil- 
icon, iron, copper, chromium, manganese', arid-zinc. Fig- 
ures' 3A through 3p illustrate the formation of-flodules 
within an aluminum artide 300 caused by fluoi-ine (or 
chlorine) atoms penetrating pinholes in airi' overlying 
oxide coating 314 and reacting with impuntieslh the alu- 
minum to form fluoride or chloride compounds. • The 
grow^ of a nodule stresses the oxtd6 cbating and can 
lead to a larger aack. thereby admittir^'riwe 
chlorine beneath the'oxide and perrrntting the growth off* 
even larger nodules. . 

Rgure 3A shows the ihrtiation of a rkidule when flu- 
orine (or chibrine) atoms penetrate the barrier layer 31 3 
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of the aluminum oxide coating 314, eifrier through a pin- 
hole or by diffusion, and react with a siDcbn impMrit^ [n . . 
the aluminurn 312 to forma nodule 310 of silic6ri.ietfSlu7 * 
oride (or silicon tetrachloride). As shown in' Rgur> '3B'.* 
thegrowthofthenoduie310stressesthebxide'la'yer314 s 
and can cause cracks 318. Such stresses are aggra'- " , 
s^ted by the high temperatures used for CVD process- 
ing, typically 200" to 500..'d The cracks 318 allow the 
volatile SiF4 (or SiCU) to evaporate as shown by arrow 
31 9, thereby creatirig an even larger void 320 in the alu- to 
minum as shown in F^ure 3C. The cracks also allow 
more fluorine (or chlorine) to penetrate ttie aluminum, as 
shown by arrows 3 1 6. 

Figure 3C shows the further development of a nod- 
ule 322 by further penetration of fluorine or chlorine 316 is 
throughcracks 31 8 to produce an aluminum fluoride AIF3 
(or aluminum chloride AICI3): nodule 322 beneath the. 
anodized layer 314. Eventually the rKxjule 322 exerts 
sufficient force on anodized layer 314 to cause a flaking 
off of anodized layer-314, exposing the nodule ,322. as 20 
illustrated in Rgure 3D. 

-The bas.e aluminum 31 2 used for these tests, had a . 
sufficiern magnesium coment.(about 0.8 % by Weight). ~ 
for the fluorine penetrating the oodde layer to.form a layer 
of niagnesuim fluoride 324.beneath.the oxide. H ' >5 
because of. the :exces5ive concentration of other impurl.: 
ties (about2% by weight) ,in the aluminum, the dart^ging 
nodules.310:and 322 were formed and caused'cracte 
318 in the:Qxidei)efQre the- magnesium fbufidejayer 
coukj build up sufficiently to prevent penetration of f liiof, .~ 30 
rine into the base aluminum. We concluded from these' 
tests that pr eventing corrosion requires taw impurity con- . 
\&n 'm the basealunninum as well as the optirfiuni.rnag- 
nesium content which will be explained below.' " 

The presence of iron.'fcopper, chromium,, and zinc^ 35 . 
impurities in the alurrunum also causes problerris when; 
the impurities cfiffuse near ttieWla&e/pf the. aiivnini^ 
and rea<ct witti fluorine or chlorine atoms whjchpene^^t'e^' ^ 
the oxide layer. The resudting nietal .fluoride or^chljbr.ide ] . 
compounds ai'e not as yplatife as the..SiF4 or .SiCl4 cpriv ' '40 
pounds described atDpve. .However, they create'We^ses 
due to their, thermal expansion, coefficierits beirig much ' 
differentrfromthat of Kflg.f:.20r MgCl2- these, stresses can J, 
cause cracte in the oxide layer similar to those d^cribed; * 
above. , .... ■ , . , .. .^^ 

Figure 4 illustrates the failure rhechanisrn vire' 
observed when. testing the effect.of th.e sarhe CF4 and 
N2O plasma cleaning process on a suscep^r 400 ^ri- 
cated frorn A1 1 1 00. v\rtiich is an aluminum^ having a^niuch . 
lower;niagfiesium content (0.023 wt % in our.sample) / 50 
than the A1-6Q6^. just described, and a sbmevyhat Higher 
impurity cbnterit of £dbout 3 wt %, the prihdpal Impuri^. 
being b-on .at about 0^ wt %. Al 1 1 00 does not 'c6ntaih 
enough -magnesium to form a protective layer of MgF2 " 
(or MgCl2)wfiK^,pouid limit the amount of ' ss 

perietrating the o?adejayer.4l4 intp.tiie base aluminum 
41Q.- Corisequerrtly. a thick layer 412. of AIF3 (or AlCIa)' * 
txjilds up over time as fluorine (or chlorine) penetrates ' 
pinholes in the oxide layer and react^. with the underi 



aluminum 410. Because the distritxition of pinholes in 
the oxide is noriunHorm, ttie thickne^ of the aluminum 
halide layer 412 is correspondingly nohunHbrm. This< 
thid^ess' riohunifbrmity' causes stresses: in 'fact.'^iat 
points where the cbrrtour of the alunvnum -halide' liayer 
charig'es rapidly, the stress can change from'compres- 
sive to'tensHe. Such stresses can cause portions 416 of 
the oxide layer 414 to flake off, thereby Stposing the 
underlying aluminum to accelerated corrosion. ' 

Inventive Con-osion- Resistant fwlaterial And Method of • 
Fatyicatiori: Overview 

According to our inverttion. ah aluminum (or alumi- 
nunvmagriesium alloy) artide is provided witii a corro- 
sionfresistant protective layer of a magnesium halide, 
preferably niagnesium fluoride.' Our invention also 
requires the aluminum to have a very low concentration 
of mobile irripurity atoms, either throughout the 'alumi- 
nurn' artide, or at least in a region adjacerrt the surface 
of the artide. 

An aluminum artide according to our invention 
resists corrosion caiised'by haibgen-containing 'sjaecies 
(such as CI2. Fi. NF3. CF4. CHF3; CiFe, HF. and BQa) 
typically ' used in etdi processes and CVD 'chamber 
deariirig'processes in serniconductor fabrication equip- 
ment The magnesium' halbe layer prevents halogen 
atorns or ions froiii'p6hetrating through the layer'io react 
witi^'tl^'uhderlying aluminum to form compounds which, 
.as plained ^ief. 'can cause stresses and- cracks in 
ihe atiirninum article. '.' " . ; V : 

""">..' ^ J '■ ■ * •-■ ■ ■ ■ * 
Imouritv Content of Aii^minum 

As previously described, the low concentration of 
mobile impurities other than aiuminum arid 'magnesium 
prevents the formation of nodules and voids within the 
alunvriurn which could lead to cracking or flaking of the 
suilac^ of the artide. By mobiie lmpurities. we mecin spe- 
des other than aluminum or magnesium which can dif- 
fuse, readily in the aluminum matrix. Such mobile 
in^urrties include' metais, transition metals, serriicon- 
ductoi's!' and elements which can form sen^hductor 
compounds such as gallium, antimony,- ' tellurium, 
arsenlb. airid polonium. ' • ' : 

' .Kfeall^, the mobile inpurity concentration should be 
low; ehouih that there is a low probability of an impurity 
diffiising to the surface of tine aluminurii article. The 
higher the'temperature at which the article will be oper-" 
. ated, the higher the mobility of the impurities, and there- 
fore the lower the impurity content must be. because 
inpurities will be likely to diffuse to the surface from 'a 
greater deptii. The higher the mobility In aluminum of a 
given impurity' sped^. or the higher its vapor pressure 
at terrperatures used for semiconductor processing, the 
lower its'concerrtration must be. Of course, spedes 
which are 'considered especially darftaging to semicon- 
ductorprbcesses— suchas sodium, zinc, noble metals. 
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and alkalai earih metals — should be present in espe- ' 
cially low concentrations. • . ' . ' , 

For a. given jnpurrty concentration,, rt. generally iSi., 
more detrirnentel-for.a singlejmpufity specjes to .consti- 
tute thefliajQrityi^rf.this-concentratipn than for th^e s^nie 
condentrationi^ betpp.mposed.of a-number.of differerrt 
impurity spect:ee. Impurities of- the same species are 
more likely to aggregate to form a single, large nodule 
than the same amount of Impurities of several different 
species. : . 

Another factor affecting the per.missible' impurity 
concentration is that impurities generally do not have a 
uniform spati^Ldistrlbu^on.in aluminum material. Jhere- 
fore, if the aluminum from which an artidfe is martufac- 
tured has a-certain overall impurity concentration,' there 
is a statistical risk that the impurities in the article, will 
have a higher thar^ average concentration near the sur- 
face, thereby increasinia the riskof.an impurity migrating 
to the surface and causing a defect To reduce this sta- 
tistical risk, an even lower impurity concentratipri th^ri 
othenwise would be necessary may be preferred. ^ 

We tested the invention by manufacturing twelve 
susceptors using Al 6061 having impurities of about 0,6 
wt % Si progressively smaller amounts of iron, cop- 
per, and chrpmium. We found that most susceptors had 
a short lif etinie-because the siiicob difhjsed to the surface 
and caused defects, However, some susceptoi^,.thrpugh 
statistical variation, had a much lower impurity content. . 
and they had-^an exceptionally long lifetimf. Therefore, 
we estimate that aluminum used to practice our iriyerrtion 
should have a concentration of mobile impurities no 
worse than 0.2 % by weight, with 0. 1 % and 0.05 % h^v: . 
ing progressively lower probabilities i3f defects caused 
by irnpurities. Preferably, no sirigle mobile impurity spe- 
cies should.cpnstitute nx>re than.halif of these respedtive 
amounts. ■ ,• ...... , . 
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Process for Creating Mapne^um Halid ^ Protective Laver 



According.to our novel process, the magn^g 
ide protective layer.for the aluminum article is cre^ed !5y." 
incorporatlng-a concentration of magnesium >ithin'^a' ^ 
specified optimum range within the aluminum,.^.th.en 
exposing the article to a halogen-corrtaining.speci^s so 
that the rnagnesium reacts with the halogen,t6 form.the 
magnesium halide layer. The magnesium.can be1n?^r- 
porated in-the entire^ article, or .else the rnagriesiUm can;" 
be incorporated only in the region where tl:ie protective' 
layer is to,be formed adjacent the surface pf the article: . 
The_iOptimum magnesium concentration rage, will.be , 
explained.below. after the description of how the magne- 
sium;halide,layer is aeated. 

, Thp magnesium halide layer inrtially.is. created ,by' 
exposing the article to anjenvirorimehtcbritaining a ha|"- ' 
ogen-containing reactive species, most preferabiy fliJO- 
rine, or next preferably chlorine,. Fluorinei will be .referr.ed . 
to in the following description with the urvderstandirig that ' 
chlorine or another halogen could be substituted ffar the 
fluorine. 
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Me' preferably li^ 'a convehtional reaction-chamber • 
designed'tp'oerfQiTn a plasma etch or plasma cleaning 

process! ilillrtif in etching or cleaning gas mixture indiid- 
ing a.fludrine pi-ecursor such as CF4, C2F6, or NF3. - 
Because ttie rat6 of formation of the magnesium fluoride 
layer \s limited'by the rate of diffusion of magnesium to 
the &iirface,'and not tiy the availablility of fluorine, we 
excite the fluorineK»ntaining plasma with an fip power . 
level about half the level we normally would use for clean- - 
ing the same reac&r chamber using the saime gas mix- 
ture. ' ' ■ . 

Preferably, a negative bias voltage is applied to the 
aluminum so that fluorine ions are accelerated toward, 
and .t>etter penetrate, the suriace of the article. As is well 
known, the negative bias voltage can be applied either 
by a DC power supply, o^ by an RF power supply'cbn- 
nected to the article through a «eries-connected capat- ' 
'tor.. ' 

The teriiperatijre of the article during the fornrfetion 
of the initial magnesium f luoride layer preferably is suffi-' 
dentiy below the N^porization tenperatui'eof magn^^- 
slum to prevent tfie magnesium which diffuses to'tfte ' 
surface of the article from evaporating before it" reacts 
with the fluorine. Evaporation of-maghesium is not detri- 
mental to' tine integrity of the alurtiirium artifcle'(e.g., the ' 
susdeptor). However, the evirated "magnesium will 
depbsit a blaCkfilm on surfaces within the vacuum cham- 
ber. If a productipn 'd^ch a C^U Chanter is'-used to 
, deposit the initial magnesium fluoride layer; depositing a^ 
^black film on chamber surfaces may be unacceptable. 

'■ fvlore inriportantiy, if ariy Oxygen is present within tiie 
charpber, the eyaporatied magnesium will oxidize and 
forrti pnd^ireable particulates. Accordirigly, the halo- 
_ geri-containlrig gas' mixture used' to create' tiie initial 
' Mg'F2 laVer should contain as little oxygen as possible. 
Other jjT^lirities also should be minimized to ^rlvent thev 
incpiporatidn ,bf othei- compounds in thenkgnesiumflu-- 
orid^ laybf!'P/eferalbiy'lhis is faalitatfed by operating' thd 
chai^ef ;at*^lJre§sUVebe^ ' ■ ' • ■ 

' '/ifi' described more fully belovi/, we" have found that' 
applyir^^ efh'kiumln^^^ or btinercohesive pro- 

tectiSre'lai/e^' W^rW^^^^ of 'the alumihurn' article 
befprV.th^'ma^nesium'fluoride l^yer ie created greatly 
inhibits the'evaporation of magnesium, thef'eby allowing - 
the use of a higher temperature virtiile creating the mag- 
nesiiirri fluoride layer. 

' dp'nverfeely, reducing the temperature" reduces the' 
mpbility of the magnesium within the aluminum body of 
the article, which hSs two undesireaWe consequences.- 
FIrstly.'as the temperature is reduced belciw the" magne- • 
sium vaporization point, the mdbility ©♦'"n^gnesiufn 
appears to declir^e faster tinan the respective mobilities- 
of less moWIe impurities such as iron and silicon. Con-" 
. sequentiy, keeping the temperature as high as possible 
■ appears to preferentially maximize the diffusion of nfiag- ' 
nesiijm to the surface so that tiief'lu'drW Wi'lf react'with- 
the magnesiurn rather than the irrip'unties.- Se'cbndly; 
reducing, the mobility of 'the" magnesium prdbri&s Ihe 
time reqiiired {oVeate the Initial magnesium fl^iorkle 
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layer. Because the reaction chamber is expensive capital 
equtpmerrt. it is debiraWe to minirhize the time the chaW ' 
ber is'd^tcated to crea^ng the inftjalmagnesidrrrHatid^^' 
layer rather than phx^essirigsemiconductar'Wffl 

' Therelbre, to aytoid defects in the magnissiurnhati^ s 
layer caused by the formation of hafldes of mobile irnpd- 
rities in the aluminum, and to maximiz'e the speed of '^e 
protective layer formation process; a regidated heater 
preferably maintains the article at a temperature just low 
erioiigh to prevent evaporation of the magn^um. We io 
prefer a tenperaturie range ofl 50' io 325" C. 

Specifically, if the aluminum article is anodized (as 
described below) before the ihttiaf magnesium fluoride 
layer is created, then we prefer a temperature of 250' to 
300' C during the creation of the initial r^gF2 layer How- is 
ever. 'rf rib ahodization or other protective coating' is 
applied to the aluminum', then we .prefer a temperatirre ' 
of about ;i 75^ C during the formation of the inital MgF2; 
l^^r to av(^ excessive evaporation of magnteiiim: ' ' 

" After'an initial, continuous layer of magnesium' fiu'o^'- so 
ride is formed, this continuous layer will inhibit the evap- 
oration of magnesium, hence the temperature of the' 
article can be raised: We prefei* to form about a 25 ang- 
stro(rf'lay^'of,MgF2 at the \af*i initial temperature. The ' 
rate at'which the MgF^ layer forms is a strongly incr^s- 25 
ing function of the magnesium concentratidh in the isilu- ^ 
minum artidfe'ahdlhetemperkureof theartide/^ ' 
perforrned on'an aluminum susceptor having a 2 vvt% ■ 
magnesium content, it took atwut 7TD minutes to form a " 
25 A iaya' of MgFi. The process is' very slow because ft ' so 
deperxls on the diffusiori of magnesiiirn from the body of 
the aluminuni article to tiie surface where tiie MgF2 layer 
is tontied. * ■ .: . , . 

Aftierthe initial, continuous MgF2 layer is formed, the * 
alumiruirn article can. be placed Into jsroduction's^ce- 3S 
in a semiconductor process chamber such as a CVO d'r' - 
etch reaction 'charrtber. The MgF2 layer will inhibit the ' 
outgassing erf magnesium and impurities'at the higlVtehi^ 
peratures (200* to 500" C) tfpi<^ in'CVD and etcH prbc- ' 
eases', thereby rediidrig particuiites' caused' by 'su^ 4o 
outg^ssihg/Fur^j^more. vyh^ 6>^x>sed V halogen-''^ 
containing' etChaffts during eithei*- ^etch processes or" 
chamtjer cleaning processes, the MgF2 layer will pr event - 
the hal ogens^orn' penetrating^ ihto the aidinnurri body ' 
and causing defects/ ' " ' ■' - - . ■ ■ r ^5 

In particular, when ttie article is exposed to fluorine* 
containing etehants. the fluorine will react witii'any mag- 
nesium which migrates from the ajurhinum body the 
boundary of the magnesiums fluoride layer, thereby pro- 
gressive!/" 'increasing the thickness of the protective so 
magnesium fluoride layer After a few hundred hours of 
exposure to fluorine chamber cleaning cycles, tfie mag- 
nesium fluoridie layer will stop growing because the adja- 
cent region in the aluminum will become depleted of free 
magnesium. Fbr exarnpte, yvHh aluminum having a 2 wt 55 
% magfiesK^ cdrfterit the MgFj layer stopped growing 
v^enlhe layer was ato^ microns thick, and the uixjer- 
lying regidn'depleted of free" magnesium was about 100 
to 200 rnicrons thick: ' 



Magnesium Content 

''.'_As sbted earlier, the ju5t-descrft»ecl process fb'rcre^' 
amig a rnagnesiiim-halide ikyer, preferat)ly a MgF2 layer, 
in a' region of the.^iuminum.article at^acent the surface 
requires'a concentration' of "ma^^ium within a cer^in 
optimum range to be incorporated in the region before 
the'maghesiurn is reacted with fluorine. THe rnagn'esium 
concentiBtion is based on tiie following' requii'ements. If 
the concentration is too low, the magnesium fluoride 
layer wiO be discontinuous or of insufficient'density to 
protect tiie underling aluminum layer froni corrosion ^ 
(i.e., insufficient to prevent halogen spedes fronrvpene- 
trating the MgF2'layer to react with the underfying alumi- 
num). The absolute tower limit' on- the- amount of 
magnesium that must be present in the aluminum article 
can be calculated from the mass of a MgFa layer of the 
d^ired tttickness, for example, ohe micron. Since MgFz 
is about 70% Mg by weight, the aluminum artide must 
co'htain a total mass of Mg equal to least 70% of the mass 
of tHe de^red MgF2 layer. This calcidation assumes that 
1 00% of the Mg in the aluminum will migrate to tiie sur- 
face and be incorporated in the MgFz layer^ tho^y com- 
pletely depleting the aluminum of free rnaghesibm; Since 
this assumption is not reiafistic a Ngher Mg coritent 
shcHjld be used in practice. . - \ v . 

' Conversely, the maximum desireable magnesium 
content rh the aluminum is determined by the fact that, if 
tiie niagnesium' concentration is too high, magnesium 
atoms can outgas or evaporate fran the surface of ttie 
alurhinum artide. especially at high temperatii'es and 
under low pressures typically encountered by aluminum 
artides (such as susceptors) used in CVD or elch-cham- 
bersfdr 'semiconductbr device fabrication. • - 

Additional considerations affect the choice Of mag- 
nesium content between tiie extreme limits of a Mg cort- 
teht too low to forni a continuous MgF2 layer, and a Mg 
cbnt^'too high to avoid contamination of the process 
chamber due to magnesium'outgassing. Between these " 
liniitsra higher Mg content will afford the artide a desire- 
able "self^eafing" property,' in Uiat small scratches on 
the surface of tiie article will be healed tiy the formation 
of a new MgF2 layer at tiie scratch when the aluminum 
artide is exposed to fluorine during etch or chamber 
deaning processes. Conversely, a lower Mg content will 
reduce the t^xlency of the artide to outgas Mg. thereby 
redudng or eliminating the thickness of the initial, con- 
tiniuoiis MgF2 layer that must be formed tsefore the arti- 
de can be placed into production service in a CVD- or. 
etch process chamber * 

We'have found that a magnesium concentration of 
atiout d.1-% to about 1.5% by weight satisfies these 
requirements. Our tests show tiiat at temperatur-es 
above about 150'C and pressures betow about 1 Ton, 
surface evaporation of magnesium becomes a probTem 
at concentrations of about 1 ;2 % to about 1 .5 %. depend- 
ing on the 'anfount'of magnesium or magnesium oxide 
considered toleratsle to be releasedinto tiie semiconduc- 
tor 'process chamber. Conversely.- we believe concentra- 
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tions Of magnesium below about 0. 1 % by weight will hbf 
produce a MgF2 layer providing adequate corrosion pro- 
tection. PreferatJiy the rnagnesium concentration jn this . 
surface-adjac^ region of the artide should fee about 0.3 " 
% to about i*.i.;^ Sy weight.and more preferaUjf' about s 
0.3 % 'to 0.8% by , Weight. ^ " ' ' T / / ' 

As stateql .earlier. the required magnesium content^ 
can be incorporated in .the entire aluminum article, or 
only in a region of the aluminum article adjacent the sur- 
face. The simplest and presently prefen-ed alternative is to 
to fabricate thi^ entire.article of an aluminum-magnesium 
aDoy hayjng,the required magnesium content. The alloy 
also must h^ye the low mobile impurity concentration 
specified above, that is, less than about, 0.^2 % by'weight, 
and preferat)Iy much less. Presently, such an alloy must, is 
be specially order^ from an aluminum sillier., 
because standard alloys are unsuitable. For example. Al 
1100 is unsuitable because its magnesiuni content js. 
only 0.025 % and its impurity content is excessive. Al ■ 
606.1 has excessive magne^um content and excessive . 20 
Irrpurities. . - . 

One possible method of incorporating the required 
magnesiurp concentration in the aluminum is to fatxicate 
the article t)y a-conventional cashing method, and use as , 
ttie feed stock both high purity rnagnesium material and ^ 25 
high purity-aluminum material. Preferably the alumirium 
material should have rio more than 0.05|%. impurities, 
and the magnesium- should; have no mor^e tJiap Q.l.%' 
impurities. Such, high purity material is readily available 
commercially.;, The proportion. of magnesiuryi to..alumi-, 30 
num should equal the'preferred rrognesium concentr^: 
tion as.discussed above.- .1 : ■. 

A less preferred alternative, is to tetxicate ^,e artide 
of a high purity aluminum alloy, and then augrn^ the 
magnesium concentration in a region of. the articleadjar ■ 35 
cent tiie surface. For example, magnesium, could, be. 
incorporated iritO:an outer l^yer of the article by. a mag* . 
nesium-physicai vapor depositiprr (PVD) process^^Hch^ 
as sputtering or thermal evaporation." or evetn.by.rr^j^e-, , r^. 
slum ion implantation. The. nnasG of ma^e6[uiTij.dep0S;r, ^0 
ited or implanted should be at .least 70*^ of the^rnass pf ■■ 
the desired MgFa layer, and preferably much greater, for 
the reasons explained earlier. • , 

Protective; Layer Overivina t he Magnesium. Halide Laver, . 45 

As shown in Figures 5. for nnaxrmum protection of 
the aluminum artide 51 0, It is preferable to combir^* the- 
magnesium halide protective layer 512 just described, 
with an overlying layer oia cohesive material 514 such so 
as a-conventional anodtzation layer (aluminuni. oxide 
AliOa).' A disadvantage of.leaving the magnesium haiide . 
layer- unprotected is that, in thicknesses .above roughly, 
1000.A (0.1 micron), the magriesium halide is.relatiyely 
soft and incohesive. sothat.nwgnesium halideparticles. ss 
can;readily flake, off wheri subjected tq.niechanicai abra- 
sion or thermal stresses. Providing, a layer-of a strong, 
cohesive material oyer the ma^iesium halide will protect 
the magnesium halide from damage, while retaining the 



b^^its of tiie superior resistance of the magnesiufTi hal- . 
ideto.co^rgsipn by.halogen-cb . . 

Notwithstanding the softness of the magnesium hal- .• 
id^, the structure shown in Figure 5 has the advantage 
ti^t small scratches and nicks in the protective layers are 
self-healing, because the magnesium halide layer will 
regrow upon exposure to a halogen-containing environ- 
ment. ^ ... V. 

Most preferably, the cohesive layer is alurninum 
oxide (AI2O3). and next preferably it is aluminum riitride . . 
(AIN). An AI2Q3 layer can be formed by a conventional 
electrdytk; anodization process. An AlKl layer can be . 
deposited on an aluminum by a conventional reactive ^ 
aluWtinum deposition process in which an alurrpnum film 
is deposited on tiie article by sputtering or .vapor depo- 
sition in the presence of nitrogeh gas at high tenperature 
or nitrogen plasma. (Throughout tiie following descrip-, 
tion. we use the term "anodize" to indude the formatipn.' 
of eitiier an Al^Oa-or an AIN coating on an alurninum art- ' 
de. even though AIN is not wittiin the conventional rpean- 
ing of the term,"anodize".) \^\. 

A further.adyantage.of anodizing tine aluminum'arii; . 
de.is that AI2O3 and AIN are impemieabie to oxygen. 
Preventing the penetration of oxygen is. advantageous to 
prevent magnesium which d(ffuse$ tp. the surface of tiie . 
alun^nunriirw forming magnet 
desired rragnesium halkJe. Ai2C?3'and AIN also iphifeilt the ' 
oytgassing/Qf. n>ag[nesium arKl other impunities into tiSe 
semiconductor process chamber, whidi could contami- 
nate the semiconcluctors being fatxicated in the cham: . 
ber., • - 

It is piarticulariy preferred to form an aluminum oxide 
or, alurrtinum niti'ide coating, on tiie aluminuni article' 
/>9fbre .the: magnesium halide tayei; i5..,fbrmed (as 
de^CTtbed. W?oye urKler "Process.lor Cre^g.Magn^- ' 
siurniHal jde!Rrote(^ Uyer*^.' As'explained jn.th.e pr,e- ', 
c^dirjg .^ragra^te.: aluminum px«Je and aluminum 
nitii<ie are highly irrpermeable tooj^gen, and they inhibit . 
oiigas^ing.pf magn^ium. Accprdingfy. if an AI2O3. or 
Al.^ c?)4iing.fe appliedto before.'the ^ 

niaghesium halidej lay.er is formed, the alurniriurn„oxide . 
01; .nitride ;wilL prevent^ magnesium which, cfiffuses to. tiie 
surface, of , tiie. artide from forming magriesium iaxide 
ratiier ttian the desired iriagnksium halide protective', 
layer. Consequentiy. the initial, low temperature magne- 
si|jm halide layer forrpation step can beperfprrried at a. 
ttigher. terrperature to reduce the' time requireci for this 
initial .step. Specifically„our presentiy preferred ^temper- 
attire.for this initial step is 1 75« C if ttie artide.j^ not anb- 
dized! and 250* to 300* C H it is anodized. *^.. . 

, In fact-the overlying .Ai203 or AIN rr>ay' €Jven"e!imi- 
nate the need for this initial low temperature nriagnesium 
halide layer formation step, so that.the ariodized alumir 
num article can, be used iri..a ^charnber tor processing 
semicpndiKrtors immediately.- ^>"5i^&9U'i Jcii-yertjh^^ 
chan4>er tp tiie non-prpductive.activiti^ of initiatiri^ .the 
article at low temperature so as to form the initial mag- 
nesium halide layer. As the artide is exposed to halogens . 
wrthin the semiconductor process chamber (e.g., during 
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cleaning or etching processes), the halogens will diffuse ^ 
through the aluminum oxide or nitride layer arid react with 
the magnesium in the aluminum to form a rhagri'esium 
halide layer immediately below the AI2P3 or AIN. 

On the other hand, there is good reason for initially 
forming the magnesium fluoride layer at a relatively low 
temperature before subjecting the aluminum article to 
the high temperatures needed for processing semicon- 
ductor sutjstrates. Magnesium fluoride has a thermal 
expansion coefficient intermediate those of aluminum 
and aluminum oxide, so that a magnesium fluoride layer 
between the aluminum oxide coating and the base alu- 
minum reduces stress gradients due to temperature 
changes. Therefore, to reduce the risk that the anodize 
coating will crack due to thermal stresses, it is pref eratjl e 
to form at a low temperature, such as 250" C. about a 25 
angstrom thick layer of magnesium fluoride beneath the 
aluminum oxide before si&jecting the aluminum article 
to semiconductor suttstrate process temperatures. 

Because aluminum oxide and aluminum nitride are 
permeable to fluorine, it is easy to form a MgF2 layer 
underneath an AI2O3 or AIN layer. First, the aluminum 
article is anodized by a conventional anodization proc- 
ess. Then, the anodized article is exposed to a fluorine- 
containing environment in accordance with the process 
described eariier under "Process for Creating Magne- 
sium Halide Protective Uyer*. ThefUiorine wiU penetrate 
the anodize layer and react with the magnesium that dif- 
fuses to the surface to form a MgF2 layer directly under- 
neath the anodize coating. 

If for some reason it is deared to form the magne- 
sium halide layer before fdrirting the aluminum oxide or 
nitride coating; this could be accomplished as follows. 
Rrst form the magnesium halide layer by exposing the 
article to a halogen-containing species as described ear- 
lier under "Process for Creating Magnesium Halide Pro- 
tective Layer". Second.' using a conventional sputtering 
or vapor deposition process, deposit either an aluminum 
film or an alunrtinum oxide film over the magnesium hal- 
ide layer. If an aluminum film was deposited, it should be 
anodized using a conventional anodization process. 

Claims 

1, An article of manufacture useful in semiconductor 
processing having a surface which is resistant to cor- 
rosion by halogen-containing species, comprising: 

a) a body composed of aluminum having a mag- 
nesium concentration in the range of zero to 
atjout 1 .5 % by weight and having a total con- 
centration of impurities other than magnesium 
no greater tiian about 0.2 % by weight: and 

b) a layer, comprising a magnesium hatide com- 
pound, overiying the body and beneatii the sur- 
face of tfie article, the layer being sufficiently 
thick ar^j continuous to inhbH tine penetration of 
halogen atoms from tiie surface of the article 
into ttie body. 



2. An article according to daim 1 . 

wherein the magnesium ticalide '-layer comprises 

■fnagnesium fluoride. ■ ' ■ * " - ■ ' 

s 3. All article according to claim V. • * ' • 

further conrtpristng a hWrd. cohesive fiim over^ng 
said layer which is permealsle to fluorine but sub- 
'slantially impermeable to oxygen.- ■ : 

10 4. An article according to claim 1. '= * - " 

wherein ttie film comprises aluminum oxide or alu- 
minum nitride. . • ■ 

5. An article of manufacture useful in semiconductor 
IS ' processirighavingasurfacewhichisresistanttocor- 

rosion by halogen-containing species, comprising: 

a) an aluminum body having an ext^-ior region 
composed of aluminum having a magnesium 

so ^ concentrationintherangeofabout0:1%to1.5 

■ ' % by weight and hasnng a total-concentration of 
inpurities other than magnesium no greater 
than about 0.2 % by weight; and . 

b) afilm overiying ttie exterior reglon.of the body 
25 which is permeat}fe to fluorine but substantially 

impermeable to oxygen; 

c) whereby, upon exposure of fhe'article to hal- 
ogen-containing species; a magnesium halide 
layer forms in tiie exterior region undemeatii tiie 

30 " ' film to protect the body from conosion by ttie 
halogen. 

6. An article according to claim 5. ' 

wherein the exterior region encompasses the entire 
35 Guface of the aluminum body. ' 

7. An article according to claim 5. 

"^wherbin the film comprises aluminum oxide or alu- 

'■^'rrrir'tuhi nitride. ' •* 

40 \^ ■'• - 

' 8. An artide according to claim 5, 

wherein the magnesium halide layer comprises 
magnesium fluoride. ■ 

45 9/- M atumirium-comprising article useful in.semicon- 
' " '"ductor processing having an eitterior surface at least 
a portion of which is resistant to corrosion by halo- 
gen-containing spedes. the alunrnnum-con^rising 
artide induding: 

50 ' a protective layer" of magnesium halide upon 
or underlying said portion of said exterior surface 
which is resistant to conosion by halogen-containing 
species, wherein said magnesium halide layer hav- 
ing a thickness of -at least about 0.0025 miaons. 

55 wherein at least the portion of said aluminunvcom- 
prising artide immediately adjacent said magne- 
' 'diurh' halide protective layer exhibits a very low 
-cbncentration of mdbileirhpurity atoms. 
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10. A-mettiod of. fabricating an aluminum-comprising 
article useful in semiconductor processing having 
an exterior surface at least a portion of which is 
resistant to corrosion by halogen-containing spe- 
cifts,,said4nelhpd comprising; . .* / . ' , ' 's 

a) providing an aluminum-comprising article 
which comprises magnesium at a concentration 
ranging from about 0.1 •% to about 1.5.% by 
weight and which contains less than about 0.2 10 
% by weight of impurity atoms selected from the 
group consisting of silicon, iron, copper, chro- 

. mium-and'zinc;.and . ^ 

b) contacting at least the portion of said exterior 
surface .of. $aid ■ aluminum-comprising article is 
which is to become con'osion resistant wHh a 
halogen-containing species at a sufficient ten> 
perature and for a sufficient time period to per- 
mit the formation of a magnesium halide layer 
which is at least O.0025 microns in thickness. 20 



17. ';Oie P^ethodbf claim 15.^ . - 

including an ad^^ ■ * - • 

c) applying a layer of aluminum oxid^ or alumi- 
, num.riitrideoveratleasttheporiionof saidext6• 
: ilpr surface of said alurninum-cbnnprising article' 
which is to become corrosion resistant •• 



11. The method of claim 10. 

wheretri said halogen-containing species.contains 
fluorine.. . . 

12. The;method'of claim 10. ». • 
including antadditional step: ■ • . 

c)' applying a layer of aluminum pxide oir alumi- 
num nitride over at least the portion of sad exte- 
rior surface of said aluminum-comprising article 
which is to become corrosion resistant . . 



ss 



30 



1 3. The method of claim 11.. 
including an additional step: 



35 



c) applying a layerof aluminum oxide qr'^unii- 
num nitride over at least the portion of s^idescte- 
rior surface of said aluminum-comprising' article 
which is to become corrosion resistant - 40 



14. The method of claim 10. • 
wherein said impurity atoms are expanded to 
include metal atoms other than magnesium,^ transi- 
tion metatsi semiconductors, and atoms..wtirch»i^n 
form.semiconductor compounds. j^^, ^ 

15. The method of claim 14. 

wherein said: halogen-containing species contains 
ifluOrine. 



45 



so 



16. The method of daim 14, - 

including' an additional step: ' l ■ 

c) applying a layer of alurninum oxide or. aiumi- ss 
■ num nitride over.at least the portion of said.exte- 
rior surface of said alun^num-coniptrising article 
which is to become coaosion resistarn. 
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